Due to the high stiffness-to-weight ratio, composite structures tend to be acoustic sensitive. The sound emission of such radiating components is commonly measured by the sound power requiring the determination of the sound intensity in normal direction and -in numerical simulations -the sound pressure on the radiating surface. Assuming a unit radiation efficiency all-over the surface and neglecting local effects, the equivalent radiated power (ERP) is a common approach for an upper bound of structure borne noise. Therein, the sound power finally results from the squared velocity integrated over the radiating surface and the fluid impedance. As ERP usually requires extra post processing to consider the velocity in normal surface direction, the kinetic energy is essential in common FEA results including all velocity components apart from the normal direction, too. Moreover, ERP necessitates the knowledge of the radiating surfaces increasing the effort especially for complex geometries. Thus, the possibilities and limits of estimating the emitted sound power by the kinetic energy as well as using the ERP method will be shown. Test cases are a rectangular plate and a thin-walled bonded part with linear anisotropic material properties.
INTRODUCTION
Light and stiff thin-walled structures tend to be sensitive for structure borne sound. Thus, the sound radiation behaviour is a common optimisation criterion within the design and development of lightweight structures. The optimisation procedures take advantage from the adjustable material behaviour of fibre reinforced plastics (e.g. stiffness and damping) (Klaerner et al., 2012) . Sensitive parameters are fibre volume content, fibre orientation as well as stacking sequence resulting in non-linear dependencies (Ulke-Winter et al., 2013) . Either genetic or gradient based optimisations require numerous finite-element simulations. So there is a need for efficient numerical measures of structure borne sound as objective function of such processes.
Within steady state finite element simulations, the energy balance consisting of different elastic and dissipating components is estimated implicitly. Therein, the kinetic energy of the whole system or several components is given by the integral over the volume V
with the density of the solid surface s and the surface velocity v. According to common standards in acoustics the energy level
is referred to a level of W 0 = 10 −12 J.
In contrast, the radiation behaviour of vibrating components is often estimated by the radiated sound power P representing the integral of sound intensity I in normal direction over the closed surfaces Γ circumscribing the radiating object (Fritze et al., 2009) .
Regarding to the velocity normal to the surface v n = v n imported from dynamic analysis, (Fritze et al., 2009) offers estimates for the sound pressure analysing acoustic fields with numerical methods. Therein, the estimated radiated power (ERP) represents a simple and efficient approach for the sound pressure
with the fluid's characteristic impedance Z 0 and the fluid's density f as well as it's speed of sound c f .
The approximation is typical in far fields and high frequencies and results in the sound power in an integral
or discretised formulation for N e piecewise constant elements with an area A e
This formulation neglects local effects assuming the same radiation efficiency σ = 1 for all elemental sources. Usually overestimating the radiation, it gives a good impression of an upper bound being quite precise for convex rigid bodies and high frequencies.
Moreover, (Fritze et al., 2009) mentioned the lumped parameter model (LPM) as well as the boundary element method (BEM) for more accurate results. 
MODELLING OF TEST CASES
For comparative studies, unidirectional glass fibre reinforced polypropylene was used including good stiffness and damping properties similarly. A fibre volume content of ϕ vol = 35% leads to a density of = 1.45g/cm 3 . Assuming linear elasticity, the material shows a significant anisotropic behaviour. The elastic properties are summarised in table 1. A symmetric cross-ply layup of eight layers of 0.25 mm thickness results in a 2 mm plate. Damping of UD-frp shows a strong dependency on the fibre angle, too. (Adams and Maheri, 1994 ) developed a damping model for beams based on UD-tapes caused by damping due to normal stresses (ψ x , ψ y ) and shear damping (ψ xy ) and extended it to plates (Adams and Maheri, 2003; Maheri, 2011) . Figure 1 shows damping ratios of 2 to 8% with a high constant level between 20°and 70°fibre angle. The fibre dominated longitudinal damping, matrix dominated transverse dissipation as well as shear damping coefficients are shown in table 1, too. Nevertheless, common material models offer no opportunity for anisotropic damping. Furthermore, direct integration within steady state dynamics eliminates the opportunity of modal damping varying for each mode. Thus, damping has been assumed to be constant within frequency and fibre direction in all models.
Rectangular Plate
First, the estimations have been tested on a rectangular plate of 100 x 250 mm with a centered harmonic excitation of 0.1 N. The frequency band from 10 to 5000 Hz has been divided logarithmically in 1000 sub-steps sized 0.1 to 2.5 Hz.
The results in figure 2 show very similar resonances for W kin and P ERP including a dominating first peak at about 70 Hz. Resonance heights are generally decreasing over frequency and damping. Single peaks show a bit more dynamic in the energy and are less sharp in ERP. Last, ERP level is 50 dB higher than the energy level throughout the whole frequency bandwidth. 
W-Profile
As a next step, a thin-walled formed structure of the similar material, laminate, excitation force and frequency range has been analysed. The outer dimensions of the shape shown in figure 3 are app. 70 x 80 x 300 mm. Related to the figure, the part has been excited vertically in the middle of the top surface. Thus, the rigid body movement should have less influence on the ERP. Both, kinetic energy and ERP show a strong modal behaviour up to 2 kHz. Above, modes are still visible but of decreasing dynamic. Again, the ERP level is about 50 dB higher than the kinetic energy. The difference is constant within the frequency range. Peaks are generally higher and more sharp in the energy level. 
SUMMARY AND OUTLOOK
In summary, kinetic energy and ERP levels show an almost similar behaviour in the determined frequency range. The modal characteristic for lower frequencies and the decreasing dynamic of the singular peaks at higher frequencies are represented equally. The energy level slightly overestimates the dynamic within the resonances whereas the sound power generates a significant higher level within the whole bandwidth. Last, damping influence is reproduced similarly in both cases. Comparing simple plates and formed parts -all tendencies are independent from the geometry.
Thus, the kinetic energy enables the possibility of an adequate qualitative acoustic characterisation showing all important dependencies but significantly deviating in the level.
Further studies investigate the influence of the wall thickness and implement anisotropic damping models for steady state dynamic analysis.
